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DESCRtPTION 

METHOD FOR PRODUCING POLYMER ELECTROLYTE MEMBRANE AND 

FUEL CELL 

Fip.lrinf thftTftvention 

5 The present invention relates to a method for producing a polymer electrolyte 

membrane and a fuel cell. 
Related Art 

A fuel cell includes an electrolyte and a pair of electrodes. In the fuel cell, a 
hydrogeji gas is supplied to one of the electrodes, and an oxidizing agent such as an 
10 oxygen gas is supplied to the other electrode, thereby converting chemical cncrsy 
involved in the oxidation of the fuel into tlcctiic energy. The electrolyte permeates 
hydrogen ions but does not permeate reactive gases such as the hydrogen gas and the 
oxygen gas. 

As the electrolyte for the fiiel cell, a solid such as a polymer electrolyte 
15 membrane and a liquid such as phosphoric add are used. Recently, a polymer 
electrolyte membrane has preferably been used as the electrolyte for the fiiel odl, and 
particularly peifluorosulfonic add polymer has been receiving attention, l^pically, the 
perfluorosulfbnic add polymer has a firamework of perfluorocarbon such as a copolymer 
of tetrafluoroethylene and trifluoiovinyl and a side chain being bonded thereto and 
20 havhig a sulfonic add group such as a side chain that a sulfonic add group ii bonded to 
perfluoroalkylenc group. The sulfonic acid group releases a hydrogen ion to produce 
an anion, and therefore conducts proton. 

Typically, the polymer electrolyte membrane has been produced with melt 
extrusion technology. Since, perfluoropolymer does not dissolve in a solvent, a special 

1 
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process subh as melt extrusion and membrane extension ifi required to produce a 
membrane and to control its properties such as a thickness, Therefore, jt is desired to 
provide a convenient process for producing a polymer electrolyte membrane. 
Moreover, it has always been desired to improve an output of the fuel celL 
5 J^anese patent application laid open No. 3-106616 teaches a method for 

producing a tubular body comprising the steps of: coating a raw material on an inner 
suifece of a cylinder having a cylindrical configuration while rotating the cylinder, 
rotating the cylinder thereby forming a tubular body by a centrifugal force of the 
rotation; and removing the tubular body from the cylinder. However, the document 
1 0 does not teach a polymer electrolyte membrane for a fuel cell at all. 



Summary of the Invention 

According to one aspect of the present invendon, there is provided a method 
for producing a polymer dec^lyte membrane adapted to a fuel cell, comprising the 
15 steps of: 

iniroducing a first liquid medium into a cylinder having an inner sur&ce having 
a cylindrical configm^tion, the first liquid medium havhig at least one percent by weight 
of a first polymer electrolyte and a first solvent having a boiling point or an azcotropic 
point ranging from 60 to 220°C; and 
2 0 rotating the cylinder for evaporating the first solvent by means of a centrifugal 

force created by such rotation so as to form a first polymer electrolyte membrane having 
a cylindrical configuration with a substantially uniform thickness on the inner surface of 
the cylinder. 

Accordmg to another aspect of the present invention, there is provided a fuel 

2 
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cell coniprising: 

a polymer electrolyte membrane obtained by cuttmg off a polymer electrolyte 
membraiie obtained by the aforementioned method; and 

a pair of electrodes sandwiching the polymer electrolyte membrane. 

Brief Dcscrip Hnn of fhs DiawinffS 

Fig. 1 is a cross section of a part of a fiiel cell. 
Kg. 2 is an enlarged portion A of Fig. 1. 



10 Preferred Embodiments of the Invention 

In referring to Fig. 1, a fuel cell 10 has a polymer electrolyte membrane 12 and 
a pair of electrodes 20 sandwiching the polymer electrolyte membrane 12. Each of the 
electrode 20 has a catalytic layer 14 and a gas difibision layer 22 for supplying a reaction 
gas with the catalytic layer 14. 

15 In Fig. 2, the catalytic layer 14 has a matrix 15 consisting essentially of a 

polymer electrolyte membrane and a plurality of catalytic particles 16 being dispersed in 
the matrix. The matrix 15 along with the polymer electrolyte membrane 12 forms a 
channel for conducting hydrogen ions. He material for the matrix 15 is preferably the 
same as the material for the polymer electrolyte membrane 12, However, these 

20 materials may be different The matrix 15 may be porous so as to allow the reactive 
gas to pass through. The catalytic particles preferably contact each other, thereby 
fom[iiog a channel for conducting electrons, 

Each of the catalytic particles 16 has an electrically conductive carrier 17 and a 
catalytic substance 18 being loaded onto a surface of the electrically conductive carrier 
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17, Tte elGCtrically conductive carrier may be carbon particles. The catalytic 
substance 18 may be platinum metal or a platinum alloy. In Fig. % the catalytic 
substance 18 is coated onto the surface of the electrically conductive carrier 17. 
Alternatively, the catalytic substance 18 may have a particle configuration. 
5 Ihe ga& di^u&ion layer 22 is porous so as to allow the reactive gas to pass 

through. In Fig. 2» the gas dififiision layer 22 is made of a plurality of electrically 
conductive particles 26 fomiing a gap 24. The electrically conductive particles may be 
carbon paitides and same as electrically conductive carrier 17- Alternatively, the 
electrically conductive pardcle 26 is replaced by electrically conductive substance such 
10 as carbon fibers. 

According to the method of the present invention, the polymer electrolyte 
membrane 12 may be produced. Moreover, the polymer electrolyte membrane 12 as 
well as a precursor for a fuel ceU having one of or bodi catalytic layers 14 may be 
produced. Furthermore, a fiiel cell noay be produced by fixing the gas diffusion layer 
15 22 to the precursor. 

A method in accordance with the present invention is explained hereinafter, 
Firstly, a prescribed liquid medium is mtroduced mto a cylinder having an inner 
sur&ce havmg a cylindrical configuration. The liquid medium may be introduced by 
pipette and so on. Altematively, the liquid may be introduced by a machine. At the 
2 0 tkne of the introduction^ the cylinder may be rotating or remain still. 

The liquid medium has at least one percent by weight of a polymer electrolyte 
and a solvent having a boiling point or an azeotropic point ranging from 60 to 220**C. 
Hie liquid medium may be either a solution or a suspension. In case of the solution> 
the polymer electrolyte is dissolved in the solvent. In case of the suspension, particles 
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of the polymer Blectrolyte serving as a dispersion phase is dispersed in a solvent serving 
as a continuous phase. Alternatively, the liquid medium may be a slurry or a paste. 
Preferably, the liquid medium contain not less than 1 percent by weight of the polymer 
electrolyte and further preferably not less than 2 percent by weight 
5 Preferably, the polymer electrolyte is soluble to a solvent. Specifically, a 

solution prefciably dissolves not less than 1 percent by weight of the polymer electrolyte 
and further preferably not less than 2 percent by weight. The features facilitates 
forming a uniform polymer electrolyte membrane without forming pores therein. 

Preferably, die polymer electrolyte is sufBciently stable in use as the polymer 
1 0 electrolyte for a fuel cell and conduct suffident protons. 

For example, the polymer electrolyte is preferably a thermoplastic polymer 
having a sulfonation rate of 30 to 90 percent, and further preferably a thermoplastic 
polymer having a sulfonation rate of 40 to 70 percent A ratio of the sulfonation rate 
ref^ to a proportion Of a sulfonic group per repeating unit of the thermoplastic polymer. 
15 For example, when each repeating unit of the thermoplastic polymer always has one 
sul£3nic group, the sulfonation rate is 100 percent, 

Tlie thermoplastic polymer includes, for example, polyether, polysulfbne, 
polyphenylene sulfide, polyamide, polyimide and so on. The polyether polymer 
includes poly(ethexketonB), which further includes pDly(eiheretherketone) and 
2 0 poly(cth6retherkctoncketone), and poly(cthersulf6ne). 

Alteii^tively, the polymer electrolyte may be a basic polymer. The basic 
polymer includes, fc»: example, poly(benzimidazole), poly(pyridine), poly(pyrimidine), 
poly(imidazole), poly(benzthiazole), paly(benzDxazDle), po)y(oxadizole), 
poly(quinoltne), poly(quinoxaline), poly(thiadiazole), poly(tctrazapyrene), poly(oxa2ole), 

5 

PAGE 21/35 ' RCVD AT 12/29/2005 3:42:28 PM [Eastern Standard Time] ' SVR:USPTO-EFXRF-6i32 ' DNIS:2738300 ' CSiD:302 661 2331 ' DURATION (inin-ss):06^6 



DEC. 29. 2005 3:46PM 



NO. 9433 P. 22/35 



wo 98/52732 



FCT/JP98/02247 



poly(thiazole)> poly(vinylpyridine), poly(vinyliinidazolc) and so on. Among these, 
pQly(bBnziinidazole) ifi preferable. Basic polymers such as poly(benzmiidazolc) 
disclosed in W096/13872 may preferably be used. 

Foly(benzimidazole) having a formula as follows may preferably be used; 




where R is an alkylene radical, a perfluoroalkylenc radical, or a substituent 
having a formula as follows: 




Each of the alkylene radical and the peifluocoalkytene radical, which may be 
sabstituent R, preferably contains 1 to 10 caibon atoms and further preferable contains 1 
to 6 carbon atoms. 
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is same or different and a hydrogen atoni^ alkyl radical or phenyl radical. 
The alkyl radical preferably contains 1 to 6 carbon atoms, which may be substituted by a 
halogen atom such as a fluorine atom and sulfone radical, 

Altcmalively, basic polymers having a formula as follows may be used: 




5 R and R have the aforementioned meaning. 

The basic polymer may be doped by a strong acid prior to or subsequent to 
forming into a film. Typically, a polymer electrolyte membrane having a cylindrical 
configuration is obtained, and the polymer electrolyte membrane is cut off, and then the 
cut membrane is doped with a strong add. The strong add includes, for example, 
1 0 sulfuric acid, phosphoric acid and so on* 

In the preset invention, the solvent has a boiling point or an azeotropic point 
ranging from 60 to 220**C preferably from 100 to 220'*C, and further preferably from 70 
to 105°C When the boiling point or an azeotropic pomt of the solvent is more than 
220''C, it may be difficult to remove the solvent. On the other band, when the boiling 
15 point or the azeotropic point of the solvent is less than 60°C, the solvent easily 
evaporates^ and it may be difficult to maintain uniformity of the membrane. As a 
solvent, water and an organic solvent are preferably used. When an organic solvent is 

7 
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used, the ojganic solvent is preferably polar. The organic solvent includes, for example, 
lower amides such as N-methyl-2-pyrrolidone> dimethylacetoamide, 
dimcthylformamide; lower esters such as ethyl acetate; lower ketones such as 
methylethylketone, di(ethyl)ketODe; lower ethers such as tetrahydrofuran; lower alcohols 
5 such as methyl alcohol, ethyl alcohol; lower ring esters such as propylene carbonate^ 
ethylene carbonate; and so on. A mixture of these solvents may be used, and, for 
example, a mixture of water and an organic solvent may be used. When a mixture of at 
least two solvents is used, the mixture may be an azeotropic mixture. In this case, the 
azeotropic paint is lower than the boiling pomt of each of the solvent, and it is be 

10 preferable in some applications. 

Subsequently, the cylinder holding the liquid medium is rotated. Although it 
depends on a viscosity of the liquid medium, for example, ihe cylinder may be rotated at 
a rotating rate of at least 100 rpm, preferably at least 500 rpm, and further pteferabiy at 
least 1000 rpm. The centrifugal force of the rotation allows to coat the liquid medium 

15 on the inner surface of the cylinder and to evaporate the solvent thereof. Consequently, 
a polymer electrolyte membrane having a cylindrical configuration with a substantially 
uniform thickness is formed on Oie inner surface of the cylinder. If desired, a bore of 
the cylinder may have a reduced pressure by a vacuum pump and so on for increasing an 
evaporating rate of the solvent Alternatively, the cylinder may be heated. 

20 The polymer electrolyte membiane typically has a thickness ranging from 1 

micrometer to 300 micrometer, preferably 5 micrometer to 100 micrometer, and further 
preferably 10 to 50 micrometer, Tlie thickness of the polymer electrolyte membrane 
can be easily controlled by a concentration and/or an amount of the polymer solution 
added, 

8 
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The present invcntiDn provides a membrane having a highly unifonn rhickness. 
For example, when a membrane having an area of about 500 square centimeter, which is 
typically required for a unit cell of a fuel cell, is produced, distribution of the thickness 
of the membrane is typically within 5 percent. Proton conductivity depends on a 
5 thickness of the membrane, and therefore, a unifonn thickness stabilizes performance of 
the cell. 

Subsequent to forming a polymer electrolyte membrane on the inner surface of 
the cylinder in accordance with the method desttibed above, substantially the same 
method may be repeated to fomi a laminated membrane. 

10 Use of a liquid medium containing a catalytic panicle therein produces a 

precursor of a fuel cell haviog the polymer electrolyte membrane and a catalytic layer 
laminated thereon. In this case» the polymer electrolyte membrane may be formed, and 
then the catalytic layer may be formed. Alternatively, the catalytic layer may be 
initially formed, and then the polymer electrolyte membrane may be formed, and 

15 fmthermore, the catalytic layer may be formed so that a pair of the catalytic layer 
sandwiches the polymer electrolyte membrane. 

In forming the catalytic layer, the same method as for producing the polymer 
electrolyte membrane may be used except that the liquid medium additionally contains a 
catalytic partidc. The catalytic particle was eaiplained in reference to Fig. 2. 

20 The polymer electrolyte for the catalytic layer may be the same as or different 

from the polymer electrolyte for the polymer dectmlyte. However, in view of 
adhesion and continuity of hydrogen ion channels, the polymer electrolyte for the 
catalytic layer preferably contains the polymer electrolyte for the polymer electrolyte. 
For example, the polymer electrolyte for the catalytic layer may be a mixture of the 

9 
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polymer electrolyte for the polymer electrolyte and a fluoride resin such as 
poly(tetrafluoroethyiene). Alternatively, the polymer electrolyte for the catalytic layer 
may be the same as the polymer electrolyte for the polymer electrolyte. 

Preferably, the catalytic layer is thin. The catalytic layer typically has a 
5 thickness ranging firom 1 raiCTometer to 50 micrometer, preferably 1 microraeier to 20 
micrometer, and further preferably 1 to 10 micrometer, 

A method in accordance with the present invention produces a catalytic layer 
having a uniform thickness, thereby allowing to increase the efficiency of the catalyst 
and to decrease an amount of the catalyst required. Moreover, the present invention 
1 0 increases adhesion between the polymer electrolyte membrane and the catalytic layer for 
decreasing electrical resistance at the interfecc thereof, thereby increasing an output of 
the fuel celL 

15 Example 1 

A poly(ctherketone) resin having a sulfonation rate of about 50 percent was 
dissolved in N-methy]-2-pynolidone to obtain a solution of the lesin having a 
concentration of 4 J percent by weight. SO ml of the solution was introduced into a 
metallic cylinder having a cylinctrical configuration with an inner diameter of 5l 
20 millimeter and a length of 408 millimeter. The cylinder was made of stainless steeL 
The cylinder was rotated at 90*C for two hours at 1050 rpm under a reduced pressure to 
obtain a polymer electrolyte membrane having a cylindrical configuration. A thickness 
of the polymer electrolyte membrane was determined at any six points. An average of 
the thickness was 20.S micrometers, A deviadon from the average thickness to the 

10 
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maximum detennincd value or the minimum determined value was within 1.0 
micrometer* 

A poly(benzSmidazolc) resin from Hoechst Cyancse was dissolved in N,N- 
5 dimethylacecoamide to obtain a solution of the resin having a concentration of S.O 
percent by weight, 155 ml of the solution was introduced into a cylinder having a 
cylindrical configuration with an iiiner diameter of 150 miilimctBr and a length of 360 
millimeter. Hie cylmder was rotated for one hour at 1000 rpra to obtain a polymer 
electrolyte membrane having a cylindrical configuration. A thickness of the polymer 
10 electrolyte membrane was detennined at any six points. An average of the thickness 
was 53.8 micrometer. A deviation from the average thickness to the maximum 
determined value or the miiuraum determined value was within 2 micrometer, 
atampip 3 

The polymer electrolyte membrane obtained in Example 2 was cut into a disc 
15 with a diameter of 7 cm^ and the disc was irmnersed in phosphoric acid, which is 
commercially available, at room temperature for 24 hours, The disc was further cut 
into another disc with a diameter of 5 cm. Subsequently, the smaller disc was placed 
between a pair of carbon electrodes, which are adapted to a polymer electrolyte for a 
fbel cell, and which is coirmiercially available. The iaminated structure was subject to 
20 hot pressing at 140 X with a pressure of 50 kgffcm\ whcrem 1 kgf/cm^ corresponds to 
about 9,8 X lO"* N/m^ or 9,8 x lO'^ Pa , to produce a unit cell for a fuel cell. A hydrogen 
gas and air were introduced into the unit cell for generating electricity. An output of 
0.4 volt with 650 mW/cm^ was obtained. 

For example, L Electrochem. Soa, Vol 142, No. 7, pp, L121-123 discloses a 

11 
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unit cell for a fuel cell, obtained by the same method except that the fihu was obtained 
by a standard casting process* A hydrogen gas and an oxygen gas, which should 
produce a higher output than air, were introduced into the conventional unit cell for 
generating electricity. The maxraium output was merely 250 mW/cm^ 
5 Exam plQ .4 

A polymer electrolyte was obtained in the same method as Example 1. While 
the polymer electrolyte remained in the cylinder, a slurry for a catalytic layer was 
introduced into the cylinder. The slurry contained carbon powder loading 20 percent 
by weight of platinum, a polymer powder made of the same polymer material as the 

1 0 polymer electrolyte membrane, and water. The cylinder was rotated for one hour with 
1000 ipm to remove the water to produce a laminated film having the polymer 
electrolyte membrane and the catalytic layer. 

The catalytic layer was extremely uniform, and fbmied over an entire surface of 
the polymer electrolyte membrane. Even though the laminated fQm was not subject to 

15 hot pressings the catalytic layer did not peel off finom the polymer electrolyte membrane 
by a standard adhesive tape. Tie results show that the catalytic layer has a satisfec^ry 
adhesion. 

A producing method in accordance with the present invention is capable of 
producing a polymer electrolyte membrane for a fuel cell with a uniform thickness* 
20 thereby stabilizing performance of the fuel cell. Moreover, when a catalytic layer is 
formed onto a surface of the polymer electrolyte membrane, the catalytic layer has a 
uniform thickness also, thereby allowing to increase the efficiency of the catalyst. H 
also Incrrases adhesion between the polymer electrolyte membrane and the catalytic 
layer for decreasing electrical resistance at the interface thereof, thereby increasing an 

12 
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output of the fuel cell. 



13 
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1. A method for producing a polymer electrolyte mcmbiane adapted to a fuel cell, 
comprisiug the steps at 

introducing a fiist liquid medium into a cylinder having an inner surfecc having 
5 a cylindrical configuration, the first Uquid medium having at least one percent by weight 
of a first polymer electrolyte and a first solvent having a boiling point or an azeotropic 
point ranging from 60 to 22J(fC; and 

rotating the cylinder for evaporating the first solvent by means of a centrifugal 
force created by such rotation so as to fonn a first polymer electrolyte membrane having 
10 a cylindrical configuration with a substantially uniform thickness on the inner surfecc of 
the cylinder. 

2. A method of claim 1 wherein the first polymer electrolyte is a thennoplaatic 
polymer having a sulfbnation rate of 30 to 90 percent or a basic polymer. 

3. A method of claim 1 wherein the first polymer electrolyte is polyether having a 
1 5 sulfonation rate of 30 to 90 percent or poly(benzitnidazoIe)- 

4. A method of claim 1, 2 or 3, further comprising the steps of: 

subsequent to the introducing step and the rotating step, introducing a second 
liquid medium into the cylinder with the first polymer electrolyte membrane, the second 
liquid medium having a catalytic partide, at least one percent by weight of a second 
20 polymer electrolyte and a second solvent having a boiling point or an azeotropic point 
ranging ftom 60 to 220°C; and 

rotating the cylinder for evaporatmg the second solvent by means of a 
centrifugal force created by such rotation so as to form a catalytic layer having a 
cylindrical configuration with a substantially unifoim thickness, having a catalytic 

14 
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paitidc therein and being disposed on the inner surface of the first polymer electrolyte 
membrane, 

5. A method of claim 4 wherein the second polymer electrolyte is the same as the 
first polymer electrolyte, 

6. A fuel cell comprising: 

a polymer electrolyte membrane obtained by cutting off a polymer electrolyte 
membrane obtained by a method of any one of claims 1 to 5; and 

a pair of electrodes sandwiching the polymer electrolyte membrane. 
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